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Description 

Title of the invention: Arrangement for the electrical 

connection of an optoelectronic component to an 

5 electrical component. 

The invention relates to an arrangement for the 
electrical connection of an optoelectronic component to 
an electrical component using a flexible conductor. It 
10 relates in particular to the exact arrangement and 
contacting of an optoelectronic component and an 

electrical component with respect to a flexible 
conductor and serves for signal transmission at high 
data rates, in particular in the range between 10 
15 Gbits/s and 40 Gbits/s. 

Background of the invention 

In an optoelectronic transmission module with a laser 
20 diode there is the recjuirement for the latter to be 
electrically connected to a laser driver device. In 
this respect, it must be noted that, for transmission 
of high data rates between 10 and 40 Gbits/s, the 
radio- frequency line between the laser driver device 
25 and the laser diode must either be as short as possible 
or impedance -matched. In the case of an impedance- 
matched line, it must be endeavored here to minimize 
the number of connections, which in each case act as 
discontinuities and consequently as an "impedance j\imp" 
30 of the signal transmission. 

A laser driver device is generally an integrated 
circuit (IC) which is designed for maximiim speed by 
using bipolar technology and takes up a high power 
loss. Since a laser diode generally reacts very 
sensitively to higher temperatures, it must also be 
endeavored to provide thermal decoupling between the 
laser diode and the laser driver device. Furthermore, 
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it must be endeavored to ensure that the position of 
the optical axis of the transmission component, and 
consequently the possibilities for the coupling of an 
optical fiber, are not restricted by mechanical 
boundary conditions arising as a result of the 
electrical contacting of the transmission module. 

It is known for this purpose to arrange the laser 
driver device and the laser diode in a common package. 
Such packages are known by the designations butterfly 
package and mini-DlL package. The laser driver device 
can in this case be placed very close to the laser 
diode. To avoid strong thermal coupling between the 
driver device and the laser diode, the additional 
integration of a Peltier cooler, which cools the laser 
diode, is generally required. However, in uncooled 
operation, arrangements of this type have strong 
thermal coupling. They are also relatively cost- 
intensive to produce on account of high component 
costs. Furthermore, required hermetic fiber feed- 
throughs can only be realized with great effort and the 
pigtail fiber outputs that are usually used are 
disadvantageous because of the requirement to maintain 
minimum bending radii in the construction of compact 
optoelectronic modules of a small type. 

For the electrical connection of a laser driver device 
to a laser diode, it is also known to arrange the laser 
driver device On a separate printed circuit board. The 
laser diode is arranged in a transistor outline (TO) 
package, to which an optical connector with an optical 
fiber can be coupled in the manner of a plug by means 
of a connector receptacle. The electrical connection 
between the TO package and the laser driver device 
arranged on the printed circuit board takes place by 
means of a flexible conductor. 
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Flexible conductors are arrangements known in the prior 
art in which conductor tracks are applied on one side, 
both sides or a number of sides on a planar flexible 
dielectric. 

A corresponding arrangement is schematically- 
represented in Figure 4 . Figure 4 shows as the main 
components a TO package 400 with a laser diode, a 
flexible conductor 300 and a printed circuit board 500, 
on which a packaged driver device 200 is arranged as a 
surface-mounted device. The signal outputs of the 
driver device 200 to the laser diode are connected to 
impedance-matched conductor tracks 510 of the printed 
circuit board.- By means of a soldered connection 520, 
the conductor tracks 510 of the printed circuit board 
500 are connected to continuing conductor tracks 310 of 
the flexible conductor 300, which are likewise 
impedance-matched. The electrical connection between 
the flexible conductor 300 and the TO package 400 takes 
place by means of terminal pins 420 of the TO package 
400, which protrude from a base plate 410 of the TO 
package 400 and are inserted through via holes 430 of 
the flexible conductor. in this respect, only one such 
terminal pin 420 is represented in Figure 4 for better 
overall clarity. 

The known arrangement provides good thermal decoupling 
between the laser device and the laser driver device. 
Use of a flexible conductor also has the effect that 
the TO package and the printed circuit board are 
mechanically decoupled, so that there is extensive 
freedom of design with regard to the alignment of the 
TO package, and consequently of the optical axis of the 
light emission with respect to the printed circuit 
board. 

Furthermore, flexible conductors have the advantage 
that they have favorable RF properties at high 
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frequencies in the GHz range. This is particularly 
important for transmission with a high data rate of 10- 
40 Gbits/s. For this case of a high rate, the RF lines 
must be impedance-matched. In this case, the conductor 
tracks of a flexible conductor in the coplanar design 
or in the microstrip design can be monitored in terms 
of their impedance and can therefore be used 
advantageously. The conductor tracks of the printed 
circuit board also have a monitorable impedance. 

On the other hand, the large number of connecting 
points in the path of the signal is problematical. The 
connections between the TO package and the flexible 
conductor, between the flexible conductor and the 
printed circuit board and between the printed circuit 
board and the electrical component cannot be monitored 
in terms of their impedance and represent unavoidable 
discontinuities in the path of the signal. 
Particularly the soldered connection 520 between the 
flexible conductor 300 and the printed circuit board 
500 makes an RF connection with data rates higher than 
10 Gbits/s impossible. 

A further disadvantage of the known arrangement is that 
the soldered connection 520 must satisfy conflicting 
requirements. Firstly, the solder pads of the soldered 
connection 520 are responsible for a mechanical 
connection between the flexible conductor 300 and the 
printed circuit board 500. To this extent, it must be 
endeavored to form the solder pads with the largest 
possible surface area. At the same time, the high- 
frequency signal connection to the TO package 400 takes 
place by way of the solder pads of the soldered 
connection 520. Accordingly, it must be endeavored to 
make the solder pads have the smallest possible surface 
area. In practice, relatively large solder pads are 
used, on the one hand to provide adequate mechanical 
stability and on the other hand to allow tolerances 
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between the position of the solder pads of the printed 
circuit board and the position of the assigned solder 
pads of the flexible conductor to be taken into 

account. This leads to the soldered connection 520 
representing a great discontinuity in the path of the 
signal. 

Object of the invention 

The present invention is based on the object of 

providing an arrangement for the electrical connection 
of an optoelectronic component to an electrical 

component which provides adequate signal quality in the 
transmission of RF signals between the electrical 

component and the optoelectronic component even at high 
data rates with up to 40 Gbits/s. 

Summary of the invention 



This object is achieved according to the invention by 
an arrangement which has an optoelectronic component 
with terminal contacts, an electrical component with 
first electrical contacts and second electrical 
contacts, a printed circuit board, to which the second 
electrical contacts of the electrical component are 
connected, and a flexible conductor arrangement of a 
planar form with a plurality of conductor tracks. In 
this case, the flexible conductor arrangement provides 
an electrical connection between the terminal contacts 
of the optoelectronic component and the first 
electrical contacts of the electrical component. For 
this purpose, the flexible conductor arrangement has a 
first region with first contact regions and a second 
region with second contact regions. The electrical 
component is mounted directly on the second region of 
the flexible conductor arrangement and its first 
electrical contacts are connected to the second contact 
regions of the conductor arrangement. In addition or 
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as an alternative, the optoelectronic component is 
mounted directly on the first region of the flexible 
conductor arrangement and its terminal contacts are 
connected to the first contact regions of the conductor 
arrangement, it being preferred for both the electrical 
component and the optoelectronic component to be 
mounted directly on the corresponding region of the 
flexible conductor arrangement. 

The solution according to the invention is 
distinguished by the idea that the optoelectronic 
component and/or the electrical component are placed 
directly on the flexible conductor arrangement and 
electrically connected to the latter. The flexible 
conductor arrangement serves as a mounting plane for 
the optoelectronic component and/or the electrical 
component. As a result, unnecessary soldered 
connections or other discontinuities in the path of the 
signal are avoided and the RF properties of the 
arrangement are significantly improved, so that signal 
transmission at high data rates is possible. In 
particular, two connecting points, and consequently 
discontinuities, in the path of the signal are saved in 
comparison with the prior art, as it is represented in 
Figure 4, to be specific the connection from the 
electrical component to the printed circuit board and 
from the printed circuit board to the flexible 
conductor arrangement. 

In this case, bonding connections from the 
optoelectronic component and from the electrical 
component preferably pass directly to the impedance- 
matched conductor tracks of the flexible conductor 
arrangement without the provision of additional solder 
pads being required. However, direct contacting may 
also take place in some other way, for instance by 
means of flip-chip mounting directly on the flexible 
conductor arrangement. 
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In a preferred configuration of the invention, the 
first region of the conductor arrangement and/or the 
second region of the conductor arrangement are 
stiffened. On the other hand, a region lying in 
between is made flexible, so that the conductor 
arrangement is formed in the sequence 
rigid/flexible/rigid. Stiffening of the first and/or 
second region of the conductor arrangement preferably 
takes place by means of a rigid part, which for example 
consists of a metal or of an organic material such as 
epoxy resin. Stiffening may also be provided for 
example by means of an adhesive, which is applied to 
the corresponding region of the conductor arrangement 
and hardens there . 

The optoelectronic component is preferably arranged in 
a package which is supported on the conductor 
arrangement. For this purpose, a particularly 
advantageous configuration provides that the package is 
hermetically connected to a rigid part, consisting in 
particular of metal. The rigid part may also be used 
for fixing a single-mode optical waveguide as part of a 
welding process. The rigid part is in this case 
arranged on the side of the flexible conductor 
arrangement that is facing a fiber connection. The 
rigid parts consequently provide increased mechanical 
stability of that region of the conductor arrangement 
on which an optoelectronic component or an electrical 
component is mounted. They possibly serve additionally 
for the connection to further components of the 
respective module. 

In the second region of the conductor arrangement, 
which serves for the mounting of the electrical 
component, the rigid part preferably additionally 
provides an electrical connection between the second 
electrical contacts of the electrical component and the 
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printed circuit board. For this purpose, it is 

provided for example that the rigid part has via holes, 
by way of which contacts of the electrical component 
are electrically connected to assigned contacts of the 
5 printed circuit board. 

It generally applies that, in its second region, the 
conductor arrangement runs parallel to the printed 
circuit board and is thereby mechanically supported by 
10 the printed circuit board. The mechanical support 
takes place for example by means of soldered 
connections of the rigid part to the printed circuit 
board. The solution according to the invention 

consequently ensures that the contact regions of the 
15 flexible conductor which are connected to the first 
electrical contacts of the electrical component serve 
exclusively for carrying the radio-frequency signal and 
it is not necessary for a mechanical connection to be 
additionally provided between the flexible conductor 
20 arrangement and the printed circuit board. The 

mechanical connection between the flexible conductor 
arrangement and the printed circuit board takes place 
by means of soldered connections separate from these 
contact regions, in particular those between a rigid 
25 part of the corresponding region of the flexible 
conductor arrangement and the printed circuit board. 

This makes it possible to form the contact pads of the 
flexible conductor arrangement with a significantly 
smaller surface area, the said contact pads being 
30 connected to the first electrical contacts of the 
electrical component by means of bonding wires. As a 
result, a discontinuity in the path of the signal is 
further reduced. 

35 The electrical component is preferably arranged in a 

package. The package is formed for example by a 

casting material, with which the electrical component 
is cast after an electrical connection of the component 
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to the flexible conductor arrangement. The casting 
takes place in this case directly onto the second 
region of the flexible conductor arrangement, on which 
the electrical component is mounted. 

5 

The flexible conductor arrangement is preferably bent 
in a third region, lying between the first region and 
the second region. It is not stiffened in this 
bendable region. This makes it possible to align the 
10 first region of the conductor arrangement with the 
optoelectronic component substantially perpendicular to 
the second region of the conductor arrangement, which 
runs parallel to the printed circuit board. 

15 The electrical device serves for the monitoring and 
control of the optoelectronic component and is 
preferably formed by a chip with an integrated circuit. 
The unpackaged chip is in this case mounted directly 
onto the second region of the conductor arrangement. 
20 The chip is, in particular, a laser driver chip. 
Accordingly, the optoelectronic component is a laser 
chip. However, other ways of realizing the 

optoelectronic component and the electrical component 
are also conceivable. For example, the optoelectronic 
25 component may be a photodiode with an integrated 
preamplifier. For this case, the electrical component 
is an additional amplifier, in particular a limiting 
amplifier . 

30 Brief description of the drawings 

The invention is explained in more detail below on the 
basis of several exemplary embodiments with reference 
to the figures, in which: 

35 

Figure 1 schematically shows in side view an 

arrangement with an optoelectronic component, 
a flexible conductor and an electrical 
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component, the electrical component and the 
optoelectronic component being mounted 
directly on the flexible conductor; 

Figure 2A shows in plan view a first exemplary 
embodiment of the arrangement of an 
electrical component on a flexible conductor; 

Figure 2B shows in plan view a second exemplary 
embodiment of the arrangement of an 
electrical component on a flexible conductor; 

Figure 3A shows the simulated signal reflection of the 
electrical connection between an 

optoelectronic component and an electrical 
component according to Figure 1; 

Figure 3B shows the simulated signal transmission of 
the electrical connection between an 
optoelectronic component and an electrical 
component according to Figure 1 ; 

Figure 4 shows an arrangement known in the prior art 
with a TO package, a flexible conductor and a 
printed circuit board. 

Description of several preferred exemplary embodiments 

Figure 1 schematically shows the construction of an 
arrangement with an optoelectronic module 1, an 
electrical module 2, a flexible conductor arrangement 3 

- hereafter also referred to as the flexible conductor 

- and a module printed circuit board 5. 

The flexible conductor 3 has a plurality of conductor 
tracks, which are arranged in or on a flexible 
dielectric, it being possible for the flexible 
conductor 3 to be formed in one layer, two layers or 
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else a mimber of layers. For example, the flexible 
conductor 3 is formed in two layers, one layer 
containing a conductor track 31 for the transmission of 
an RF signal and the other layer representing a ground 
layer. For reasons of overall clarity, only one 
conductor track 31 is represented in Figure 1. For the 
purposes of the present invention, the ground layer is 
also regarded as a conductor track, so that there are 
always at least two conductor tracks. The flexible 
conductor has a first end region 3A, a bent middle 
region 3C and a second end region 3B. 

It should be noted that the flexible conductor 3 has a 
planar form, i.e. the thickness is small in comparison 
with the longitudinal extent and the lateral extent. 

In the exemplary embodiment represented, the 
optoelectronic module 1 is a transmission device with a 
laser diode chip 11 as the optoelectronic component, 
for example a Vertical Cavity Surface Emitting Laser 
(VCSEL) , an edge-emitting (DFB or FP) laser diode or an 
electroabsorption-modulated laser (EML) . 

The laser diode chip 11 (hereafter referred to as the 
laser diode) is mounted directly on the first end 
region 3A of the flexible conductor 3 . The laser diode 
11 is in this case connected by a bonding wire 15 to a 
radio- frequency conductor track 31 of the flexible 
conductor 3. Furthermore, the end region 3A of the 
flexible conductor 3 has schematically represented 
ground connections 12 for a ground connection of the 
laser diode 11. A ceramic carrier 13 serves as a 
carrier element, on which the flexible conductor 3A is 
arranged. The ceramic carrier 13 may in this case be 
regarded as a rigid part of the flexible conductor 3 in 
the end region 3A. Also provided is a package or a 
covering cap 14, which is formed for example as a TO 
covering cap and is connected in a heirmetically sealed 
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manner to the carrier substrate 13 . The module 
construction is merely represented schematically and 
may be configured in some other way. 

In particular, it may be provided that the first end 
region 3A of the flexible conductor 3 has a metal 
stiffening. It is in this case a mechanical supporting 
elemient, for instance made of sheet metal, which is for 
example laminated on. Mechanical stiffening is 
advantageous, because it allows the covering cap 14 to 
be fixed by a welding process and to provide a hermetic 
seal. 

As represented in Figure 1, in the first end region 3A 
of the optoelectronic component 1, the flexible 
conductor 3 runs perpendicular to the plane of the 
printed circuit board 5. In the middle region 3B, 
adjoining the said first end region, the flexible 
conductor 3 runs in a curved manner and subsequently, 
in the second end region 3B, it runs parallel to the 
printed circuit board 5. The maximxim curvature of the 
flexible conductor 3 in the middle region is in this 
case predetermined by a minimum bending radius, which 
is prescribed by the manufacturer in accordance with 
the formation of the flexible conductor. 

The electrical module 2 has an electrical component 21. 
The electrical component 21 has first electrical 
contacts, which serve for the signal transmission and 
electrical connection to the optoelectronic component 
11. Furthermore, it has second electrical contacts for 
the signal transmission and electrical connection to 
the printed circuit board 5. 

The electrical component 21 is placed directly onto the 
flexible conductor 3 in an unpackaged form in the 
region 3B of the flexible conductor 3. Figure 1 shows 
a bonding connection 25, which goes directly from a 
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contact pad of the electrical component 21 to an 
associated impedance-matched conductor track 31 of the 
flexible conductor 3. The electrical component 21 is 
protected against external influences by meanh of a 
5 casting compound, which provides an encapsulation or a 
package 22. The mechanical connection between the 
electrical component 21 and the flexible conductor 3 
takes place for example by adhesive bonding or 
indirectly by means of the encapsulation 22. 

10 

The electrical component is, for example, an IC laser 
driver device designed by using bipolar technology or, 
when the optoelectronic component 11 is formed as a 
receiving component, a post-amplifier device. 

15 

As already mentioned, the flexible conductor 3 is 
preferably stiffened in its end regions 3A, 3B, so that 

the flexible conductor 3 is flexible only in its middle 
region 3C and accordingly represents a "rigid-f lexible- 
20 rigid" leadframe. Depending on requirements, the rigid 
parts may consist of an organic leadframe material, for 
example epoxy resin, or of metal. In Figure 1, 

provided underneath the region 3B of the flexible 

conductor on which the electrical component 21 is 

25 mounted is a rigid part or reinforcing element 23, 

which runs parallel to the flexible conductor 3 and to 
the printed circuit board 5. 

The rigid part 23 is arranged on the module printed 
30 circuit board 5. It provides on the one hand a 

mechanical connection of the flexible conductor 3, and 
consequently also of the electrical component arranged 
on the flexible conductor 3, to the module printed 
circuit board 5. Furthermore, an electrical connection 
35 is provided between electrical contacts of the printed 
circuit board 5 and the second electrical contacts of 
the electrical component 21. As represented in Figure 
1, the rigid part 23 is in this case connected for 
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example by means of contact legs 24 to corresponding 
contact pads of the printed circuit board 5. The 
corresponding soldered connections provide both an 
electrical connection and a mechanical connection. 

The module printed circuit board 5 is, for example, a 
transceiver board with further application-specific 
circuits, capacitors, resistors, etc. (not 

represented) . The module printed circuit board 5 has 
in this case contact regions or contact pads, which are 
connected to the second electrical contacts of the 
electrical component . For the case in which the 

electrical component 21 is formed as a driver device 
for a laser diode, logic signals in particular are 
passed to the driver device by way of the printed 
circuit board 5. The driver signal of the driver 

device 21 is passed to a conductor track of the 

flexible conductor by way of a contact bonded directly 
onto the flexible conductor 3 . 

In this respect it is pointed out that in the driver 
device 21 a digital decision threshold typically lies 
between the incoming logic signal and the analog driver 
signal, so that the electrical connection between the 
driver device 21 and the module printed circuit board 5 
is less critical. 

Figures 2A, 2B show two exemplary embodiments of 
possible forms in which the transition between the 
electrical component 21 and the flexible conductor 3 
can be realized in the view of a layout. Figure 2A 
shows here a configuration of the flexible conductor in 
the microstrip design. On the upper side of the 

flexible conductor 3 there is a conductor track 31a, 
which serves for the transmission of a high-frequency 
("hot”) signal. On the underside of the flexible 
conductor there is a ground layer 31b, which in the 
terminolocry of the present invention likewise 
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represents a conductor track. The electrical component 
21 has three first contacts or contact pads 26a, 26b> 

26c, which are connected by means of bonding wires 25a, 
25b, 25c to corresponding contact regions 27a, 27b, 27c 
5 of the flexible conductor 3 . The upper and lower 
contact regions 27a, 27c are in this case connected by 

means of via holes 28a, 28b to the ground layer 31b of 

the underside . A reference potential such as GROUND or 
Vcc is provided on the ground layer 31b by way of the 
10 bonding wires 25a, 25c and contact regions 27a, 27c, A 

radio- frequency signal is transmitted over the middle 
bonding wire 25b, which bonds directly to the conductor 
track 31a. The corresponding contact region 27b is 

formed by the end of the conductor track 31a. 

15 

The configuration of Figure 2B corresponds 
substantially to the configuration of Figure 2A. Here, 
however, the flexible conductor 3 is configured in the 
coplanar design. Both the conductor track 31 'a for the 
20 radio- frequency signal and the ground layer 31 'b are 
arranged on the upper side. Via holes are not provided 
of course in the case of this configuration. 

The transition between the optoelectronic component 11 
25 and the flexible conductor 3 may be realized in a 
corresponding way. 

It is pointed out that the electrical component 21 also 
has second contacts (not represented) for the 
30 connection of the electrical component to the printed 
circuit board 5 or contact pads arranged on the printed 
circuit board. With reference to Figures 1, 2A, 2B, 

such a connection is established for example by bonding 
wires being passed from the electrical component 21 by 
35 way of via holes to the underside of the flexible 
conductor 3, respectively connected there for example 
by means of a ball contact to via holes of the rigid 
part 23 and connected by way of such via holes of the 
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rigid part 23 by means of a soldered connection to 
associated contact pads of the printed circuit board 
(not represented in any more detail) . 

Figures 3A, 3B show the simulated reflection and 
transmission of the electrical connection between the 
optoelectronic component 1 and the eleictrical device 2 
in dependence on the signal frequency. The reflection 
is below -20 dB in the entire frequency range from 0 to 
40 GHz, so that the construction described is suitable 
for data transmission at a high rate of up to 40 
Gbits/s. 

The invention is not restricted in its configuration to 
the exemplary embodiments represented above, which are 
to be understood as merely given by way of example. 
For example, more than two conductor tracks (for the RF 
signal and ground) may be realized on the flexible 
conductor. For instance, a further conductor track may 
be provided for a second RF signal, if differential 
driving of the laser diode 11 takes place. 
Furthermore, conductor tracks for the connection of 
low-frequency signals (for example concerning the 
signals of a monitor diode) may be provided. 

Furthermore, it is pointed out that the term "printed 
circuit board" is to be understood with a broad meaning 
in the context of the present invention. Any structure 
by means of which signals are passed to the electrical 
component 21 or received from it represents a printed 
circuit board for the purposes of the present 
invention. A customary planar form is preferred here, 
but not necessary. 

A person skilled in the art appreciates that there are 
numerous alternative configurational variants which, in 
spite of deviating from the exemplary embodiments 
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described, make use of the teaching defined in the 
claims which follow. 




